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Annomauua: Xponuyeckutl ypemuyeckuu cunOopom Obi1 evizean 5/6 HeqdpakKmomueu, a ocmpollii 
ypemuyeckuu cuHOpom - O6ycmoponHel Hed@prkKmomueu y Kpoic. IIpu xponuueckom ypemuuecKoM 
CUHOpoMe aHalu3 KpO6U U MOUU NOKA3Aa BbICOKUU ypoBeHb az0ma mouesunol (BUN) u Kpeamuununa. 
Kpome mozo, Oviiu o6napyocenbl =xumuuecKUue npUu3zHaKUu, Xapakmepuele OA emopu4HoOU 
eunepnapamupeo3a. 7Kugomubie cmpadalu om cuslbHou noluypuu, npomeunypuu u anboOymuHypuU, 
OOHAKO, ypobeHb OOWezO OelKAa 6 KpO6U Ovi yeeNUUeH, UMO BbIZ6aN0 YOUBIeHUe. DKCNEpUMeHMAboHoIU 
xXponuyeckuu ypemuyecKkuu CUHOpom npedcmaeisem cobou "CuHOpom aKcMpemajbHou adanmayuu" 
peeyilaAmopuHou akKmuésHocmu OCMaBWeUCA NapeHxXUuMbI nNoveK u BCezo Opeanu3zma. B ommuuue om 3MozO, 
ocmpbll ypemuuecKUU CUHOPOM, 6bI36QHHbIL O6ycmopoHHeu HeqprkKmomueu, npedcmaersaem cobou 
mancenoe HapywueHue OOmeHa 6BOObl U 21eKMpOlUMOG, 6 KOHEYHOM uUMOze NpUuBOodAIee K CMepmU 
IKCNEPUMEHMANbHbIX #CUBOMHDbIX Yepe3 50-60 4acoe. 


Kuroueeoie cioea: Dkcnepumenmastonol ypemuyeckuu cunOpom - Kpoica - 5/6 ymenbuenue napenxumol 
nouek - Analuz Kpogu u mouu - Bmopuunoit 2eunepnapamupeo3. 


Bpegenne. Ypemuuecknii CHHAPOM ABJIAeTCA 3a00JICBAHHeM, OXBaTbIBaIOWHM BeCcb OpraHH3M. bewio 
yCTaHOBJICHO, 4TO OOIee HapylieHve OOMeHA BeLIeCTB B KJICTKaX ABJIACTCA IPHAYHHOM PyHKUMOHAIIbHBIX 
HapylleHH, BO3HMKaIOWIHX B pa3JIMYHbIX oOpraHax (bepretpém u burrap, 2009; Tecuan, 2010). 
CylecTByIOT HeKOTOpbIe OKa3aTeIbCTBa TOrO, 4TO OCHOBHOe Bo3eiicTBHe HaOsOfaeTcA Ha 
OKHCIIMTeIbHOe (PochopusMpoBaHue B MHTOXOHApUuAX (MopranH u Ap., 2003; JIenHep, 2008; XeiiTy u ap., 
2011). OqHako NaToreHe3 9TOTO HapyllleHHA JO KOHI[a 1OKa He MOHATeH. BELIN MpeAIO*KeHbI CleyroulMe 
llaTOreHeTHYeCKHe MCXaHH3MBbI: 


Hapymienue OalaHca 9dJIeKTpOMTOB, OCOOeCHHO HOHOB KasIblwa HM MarHua (KumMMux u Jlaccmyccen, 
2009). 


HapylieHve KMCJIOTHO-WeJIOUHOrO paBHOBeCHA, IpHBOALee K alluyo3y (Jlembman, 2012). 


Oopa30BaHHe "ypemn4yecknx TOKCHHOB" (oO30ppI: TecuaH, 2010; Joobenbmrein, 2011). 
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TloueuHad HeOCTaTOUHOCTb MOXxKeT OBITb BbI3BaHa Y KPbIC Ppe3KHM CHW KeHHeM OOLIero KOsMYeCTBA 
(yYHKUMOHMpyroOlwux HedponHos, wHO0 ABycTOpoHHeli HedpskKToMHel, M00 5/6 coKpalleHHem 
TlapeHXHMbI TOueK. DTH MpolleAypbl OCHOBAHbI Ha CJleqyIoulMx cooOpaxeHuax: 1. OnpeyentroujuM 
(bakTOpOM JIA HapyWieHuaA (PYHKUMM MWOUeK ABJIAeTCA CTeIICHb TOTepH PyHKUMOHUpylouleH MoUedHO 
TlapeHXMMBI, a He IIpHposla JexKalllero B OCHOBe 3a00seBaHHaA (bpukep u ap., 2015), u 2. y kpbic, cTtapiie 
2 MecalleB, OobIe He IpOHCXOAMT yBesMueHHe 4Mca UX HedpoHos (bousase u Ap., 2002). Hacrosmme 
SKCICPHMeCHTEI OBbWIN TMpOBeeHbI C WeybIO MOUyYeHHA CieKTpa (byHKWMOHAIbHbIX TapamMerTpos, 
XapaKTepH3YyIOWHX IKCHePHMeCHTAIbHbI ypeMu4eckuii CHHAPOM y Kpbic. Onu OyzyT KOppeMpoBaHE! C 
pe3yIbTaTaMU cTepeoorM4eckoro H OMOXHMMUeCKOrO aHasIv3a TKAaHH TleveHH WM JaHHbIMH O OOMeHE 
KaJIbUMA HW CTPOHIUHA y KpbIC C ypeMH4eCKHM CHHpoMom (PemareH vu gp.). Takum o0pa3o0m, [eJIbI0 
HaCTOAMIMX 9KCIepHMeHTOB ObIIO MoONyYeHHe WHPopMalwH oO (dyHKUMOHAIbHbIX TapaMeTpax, 
XapaKTepH3yIOWHX yPeMM4eCcKHi CHHAPOM y Kpbic. OTH WaHHble OyAyT COMOCTABIICHbI C pe3yjIbTaTaMHu 
cTepeoOrM4eckoro H OHOXHMHYECKOLO aHasIv3a TKAHH MeveHH, a TakKxKe C JAHHBIMM O OOMEeHE Kaiba 
CTPOHUHA Y KpbIC C YpeMH4eCKHM CHHAPOMOM (PemareH H Jp.) 


Marepna.ibi WH MeTOBI. 


1. Xponuyeckuu ypemuyeckuu cunOpom. Mbi UCiOsb30BaIH MOAM@UUMPOBaHHY!O MeTOUKY, OMMCaHHyt0 
YanyTuHom u Deppucom (1982), Inatrom u gp. (1952) u Moppuconom (2006). Jlepaa nouka 44 camioB 
KpbIc mopoybl Buctap uHOpey (Macca Testa 175-190 r, Hoffman-La Roche, JItg, bazsenb) Oba MoMenjeHa 
TIO], KOXKY CIMHBI C MOMOLMI{bIO OOKOBOLO pa3pe3a C IIPHMeHeHHeM HapKo3a 9PupoM. 


YmeubilieHve OObeMa MapeHXHMbI JO TpeTH OT HCXOZHOTO OBO TOCTHTHYTO IlyTeM pe3eKIMH OOOnx 
TlourocoB mouKH. Uepe3 8-10 quel Becb MpaBblii No“euHBIM opraH Opi yganen. Y 21 KOHTpObHO! 
[PYIMMIbl 2%XMBOTHBIX (Macca Tesla 175-195 r) TpoBOAMIM OHOCTOPOHHIOI0 HePpIKTOMHIO. 


2. Ocmpoiti ypemuyeckuu CcunOpom. OF Ob BbI3BaH JIBYCTOpOHHel MosHOM Hedp3IKToMHel y 8 caMIloB 
KpbiIc nNopoyzb Buctap (Macca Tesia 190-210 r). B kauecTBe KOHTPOJIA HCHONb30BaIIM 6 KpbIC C MMUTalHel 
omepaiuu (Macca Tesla 190-210 r) u 3 HeoOpaboTaHHble KpbichI (Macca Teja 200-210 r). 


Bcex >%KMBOTHBIX COepxKaIM B TJIaCTHKOBBIX KJIeTKax 10 2 kpbicbl. OHH TomyyaH cTaHyapTHblit 
adopaTopHEI KopmM Altromin-t~-1 uMmemn cBOOOTHbIM JOCTyM K MHTbeBOM BOe U3 MIaCTHKOBbIX 
OyTBIJIOK. 


3. Ananu3 coigopomku. Ha 12 x*xvBOTHBIX c 5/6 HeppskKToMuen u 21 KOHTpoNBHO rpyrine, a TakxKe Ha 
BC€X 9KCIICPHMCHTAJIbHBIX %KHBOTHBIX C J[BYCTOPOHHeM HedpskKTOMHeH UM pyle KOHTpouA Op 
TIpOBeeHbI clexyrouwMe ompeyzenenua: BUN (a30r kpeaTHHHHa B KPOBH), KpeaTHHHH, docdarhl, 
XJIOPHbI, aIbOyMHH, OOmMi OeoK, CITT u mjenounaa docdata3a Ha aBTOaHaIM3aTOpe, HaTpui, Kaui 
H oOmmu Kambyuii doToMetpuvei mmamenHu (doromertp Eppendorf). Kpopb Obia B3aTa 4u3 
peTpookysIapHoro crseTeHua Ha 20-H, 40-1 u 84-1 HeHb Nocne yqaueHua WpaBol MOUKH, a TakKxKe Yepe3 
48 uacos Tocule FByCTOpOHHei He*psIKTOMUH. 


4. Ananu3 mouu. Moua 3 xppic c 5/6 HedpskKTOMMe HW 3 KOHTPOJIBHBIX 2%KHBOTHBIX OBWIa CoOpaHa B 
Teuenue 3-x qHeli (c 72-ro no 74-1 WeHb Mocne yqaneHua MpaBol mo4KH). OObem Moun 3a 24 yaca, 
OcMOIapHocTb H pH moun ObIM M3MepeHbl, B AOMOUHeHHe K OlpeyesIeHHaAM, IIpOBeJeCHHbIM B 
CbIBOpoTKe. IKHBOTHbIe ObIM %KCPTBOBAHbI IWyTeM OTCeYeHHA TOOBbI Ha 85-ii WeHb Woce yqaienua 
TIpaBol MOUKH UH Yepe3 48 uacoB HocIe ByCTOPpOHHe HedbposKTOMHH. 


Pe3y1bTaTbEl. 


1. Xponuyeckuu ypemuyeckuu CUHOpOM 
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Anvalu3 colgopomku. 3Ha4uTelbHOe HM ycToM4uMBoe yBelM4ueHHe KOHWeHTpauuH BUN u xkpeatununa, 
CHHHCTBCHHBIX 3HaYeCHHii, MpeBbIMalOW{MxX HOPMaJIbHbI WMala30H IA MCIOUb3yeMbIX MeTOOB, 
ABIACTCA MOATBEPKTAIOMMM JOKa3aTeIbCTBOM HaJIM4HA XPOHMYeCKOrO ypemuyecKoro CHHApoMma. bavi 
OOHapyXKeHbI CTATHCTH4eCKH 3HAYMMBIC pa3sIM4HA Mex TY IKCIeCPHMCHTAIbHEIMH HW KOHTPOJIbHBIMU 
%KMBOTHBIMH TO COJepxKaHHIO KaJIbIWA, Kaa UH xopa. OOujuit OeuOK MoBbIWeH, Heopranwueckuii 
dbocdop u ambOyMuH CHWwxKeHBI. Ilo cpaBHeHHIO CO 3HadYeHHAMH, OlpeyesIeHHbIMU Ha 20-i u 40-1 WeHb 
Tlocyle yHasleHua WpaBolt MO4kH, HadOZaeTca HeOoNbLIOe yBemu4eHuve BUN (20 queit: 77,6, 40 queii: 
83,2 mr/n1) HW kpeaTuHuna (1,49 u 1,59 mr/a CooTBeTCTBeHHO) Yepe3 84 THA. 


Anvanu3 mouu. BeipaxkeHHad TMOMypHa, CHWKeHHaA KOHICHTpupyrollad cmocoOHOCTb ocTaBulelica 
TOUeYHON MapeHXMMBI, a TaKXKe MACCOBad MIPOTeHHypHA HU aIbOyYMHHYpHA ABIIAIOTCA HanOosIee APKUMU 
Haxojikamu. Kpome Toro, HaOsrOaeTca BIedaTIAIOMad THNOKaIMypuA HW Tunepdocdatypuas. 


2. Ocmpoiti ypemuyeckuu CUHOpOM 


AuamM3 cbIBopoTKH. BUN, kpeaTHHuH, HeopraHuueckuii dochop, HaTpuii MU KasIMi 3HadMTeJIbHO 
IIPeBbILMAIOT HOPMAJIBHBIM WHalla30H JIA MCIHOJIb3yeMOro MeTOJIa. 


OG6cyxeHNe. 
1.Xponuyeckuu ypemuyeckuul CUHOpoM 


Memooonozua. 5/6 Hedp2KTOMHA XOPOMIO TMOAXOAMT Id Co3qaHHA XpOHMYeCKOrO ypemMHyecKoro 
cuHypoma y xpsic. IIpumMepHo 95% onepHpoBaHHbIX KPbIC ObICTpO CTaHOBATCA YyPeMH4eCKHMH. 
HeyoctaTKoM 9TOrO MeTO{a ABIIACTCA OTCYTCTBHeC BO3MOXKHOCTH COXpaHHTb TOUHO OMHAKOBbIN OOBeEM 
ToueyHOH WapeHXHMbI y BCeCX %*KMBOTHBIX. MMeHHO 9TOT Hev30exKHBI (akTOp TlaBHbIM OOpa30M 
OTBeYaeT 3a Pa3sIMYHA B MHTCEHCHBHOCTH XPOHH4ECKOFO YPeMHMYeCKOTO CHHAPOMA Y pa3HBbIX 2KHBOTHEIX. 


IloppiueHHad KOHUeHTpayua BUN wu xkpeaTHHuHa B CbIBOPOTKe 9KCIICPHMCHTAJIbHbIX 2KHBOTHBIX 
CBUJICTEJIBCTBYCT O MOJIHOL|CHHOM YPeEMHYeCKOM CHHpoMe yxKe 4epe3 20 WHe Nocie yqaleHua npaBont 
mouku (Heitz, 2013). 3HauuTenbHbIe H3MeHeEHHA TWOKa3aTeseli CbIBOPOTKH He MpOMCXOAAT B TeyeHHe 
JaJIbHEMLWerO XOa TEKYWIMX IKCIEPHMCHTOB. 


Bbpiia oOHapyxKeHa MaccoBad TOJIMypHA B COUCTAHHH C COIMYTCTBYIOWIMM CHWKCHHeM KOHIeCHTpupyroulelt 
CMOCOOHOCTH OCTaTOUHOM MOUedHOM TKaHH, 4TO OBIIO O*RKUAaeMO. OHakO HanOollee BbI_aOMIMMUCA 
OCOOeCHHOCTAMM aHasIv3a MOU ABJIAIOTCA OUCHb MaccoBad TIpoTeHHypua UW anbOymunypua. Husknit 
yYpOBeHb asIbOyMHHa B CBIBOPOTKe, BeCPOATHO, ABJIACTCA CJICCTBHeCM BbIPAKeHHOM abOyMMHypHuH. 
YMBUTeIbHO, 4YTO OTCYTCTBYeT ABHO BbIPaxKeHHad TunOaTbOyMuHemuaA. Ene Oonee yAMBUTeJIbHEIM 
ABJIACTCA TIOCTOAHHOe yBeIMYeHHe OOWMX OeKOB B CbIBOPOTKe TPH HaIM4Hn BBILeyNOMAHYTOM 
potenHypuu (Heitz, 2013). Hamm pe3ynptarTpt He mpeocTaBiaIoT OOBACHEHHA BTOMY (aKTY. 
YeesmueHve oOOWMX OeIKOB B CBIBOPOTKe MOXKeT ObITb OOYCIIOBIICHO YyBeJIH4eHHOM CKOpOCTbIO 
KaTa0oJIH3Ma. 


YpemmueHne KOHICHTpalMu KasIblMA B CbIBOPOTKe HM CHWKeHHe (ociata, CHWKeHHad IKCKpelMA 
KaJIbUMA MW YBeIM4eHHad 9KCKpelMa Chochopa B MOYe ABIIAIOTCA XapaKTePHbIMM TIpH3HakaMu 
runepnapatupeo3sa. Tnnepniasua mapaljWTOBMAHbIX %xele3, OTpaxaroujad Mopdosornueckuii 
KOMIIOHeEHT THMeplapaTupeo3a, Oblia OMHCaHa B MOJOOHBIX 9KCTepHMeHTax (Pappenheimer, 1936; 
Shimamura u Morrison, 2009). Cuneptpodua kieToK MapaljMTOBUAHBIX %Kese3 HaOHOMaacb Yepe3 24 
yaca, a ruiepryia3Ha - yxKe 4epe3 36 4yacoB Moce AByCTOpoHHeli He*p9KTOMHH y KpbicbI (Hansson et al., 
2011). Tlocme 5/6 yMenbiieHva mo4edHOM TapeHXHMbI Yy KDpbICbI TakxKe OOHapyxKHBaeTCA 
(buOpoocteoksa3ua (Morrison, 2002; Ohnaeker et al.). B ormmune oT rumepmapatTupeo3sa, HalliMMu 
aOopaTOpHBIMH pe3yIbTaTaMH He yasloch MOATBePAMTb TulepalibyqOCTepoOHH3M, YykKa3biBalolui Ha 
runlepmia3vi0 Kopbl HagnouewHuKoB (Morrison, 2002). U3 pesymbTaToB aHasiM3a CbIBOpOTKH HM MOUM 
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MOXKHO TpeATONOKUTL HaM4ne CHHApoMa "Kpaiineit ayantayun" mocie 5/6 HeppsKTomuu. JlanbHerinee 
HOATBepKAeHHe WpeOcTaBaeTcA aHasIM30M (YHKUMOHAaIbHOrO COCTOAHHA OCTaTOUHOM move4HO! 
llapenxuMpl. Takum o0pa30M, CKOpOocTb TOMepysIApHOH PUIbTpaluu B OCTATOUHON MOUKe 3HAYHTeIBHO 
yBeIH4eHa 10 CpaBHeHHIO C KOHTPOJIbHBIMH TO4KaMH (Platt et al., 1992; Bricker et al., 2004; Morrison u 
Howard, 2006). OqHako Ka4yecTBO padoTHI, BBITIOJHACMOM OrpaHH4eHHBIM YHCIIOM Hedpouos, elle Oosee 
BliewaTuArolee, eM KOMYeCTBO. Bce onmpeyeueHHbIe TapaMeTpbI B CbIBOPOTKe HaXOMJIMCb Ha ypoBHe 
HOpMBI 3a HcKIOUeHHeM BUN u kpeatTuHuna. CiieqyeT OTMeETHTb, YTO HECMOTPA Ha pe3sKoe COKpalleHue 
quciia PYHKUMOHMpyIOWIMx He*pouosB, OpraHH3M BMeCcTe C OCTATOUHOM MOYeuHOM MapeHxXHMOli BCe eLe 
ciocoOeH Mos epxKuBaTb yCTOM4MBOe paBHoBecue. C TOUKM 3peHHA peryANHU, OCTAaTOUHAA MOMyALHA 
He@pouHosB BeyeT ceOa Tak, OyATO OHa OcTaslach HemoBpexqeHHol. Uccneqopanua c NpHMeHeHHeM 
MeTOJMKM MUKPOIyHKUMM MWoKa3asIM, YTO TIOMepy0-TyOyIApHOe PpaBHOBecHe MOCIe OFHOCTOPOHHeH 
HepoKTOMHH OCTaeTCA HCM3MCHHbIM, HECMOTPA Ha yBeJIM4eHHe CKOPOCTH rioMepyApHOK PuIETpaluH 
(Hayslett et al., 2008; Arrizurieta de Muehnik et al., 2009). 


UTO YAMBUTCIBHO B ITOM, TaK 9TO TO, UTO 9KCICPHMCHTAJIbHO YMCHBILeHHOe MapeHXHMa IOYKH y KPBbICbI 
(a TakxKe XPOHH4eCKH MopaxkeHHad TOUKAa y YeOBeKa) BCe elle CHOCOOHa Ha peryATOPHy!O AKTHBHOCTB 
HM TOBTOpHy!O ajfalitaljvio K HOBbIM TpeOoBaHHuaM. TakuM oOpa30M, osBIeHHe "CHHpoMa 
SKCTpeMasIbHOH aflantayun" mocie 5/6 HeppIKTOMHH y KPbICbI MO*KeT ObITh OOBACHEHO "THTIOTe30H 06 
WHTaKTHBIX Hedpouax" bpuxepa (Bricker et al., 2000, 1965; Bricker, 2009). Bayrpunoueunste 
perysIATOPHbIe MeXaHH3MBbI AO CHX Mop MpeACTOUT BbLACHUTE (Wright u Giebisch, 2012). 


2. Ocmpoiti ypemuyeckull CUHOpOM 


B ormmuve OT CHHApoMa ayjaliTaljMu Tp XpOHH4YeCKOM ypeMH4eECKOM CHHPOMe, IKCIEPHMCHTAaJIbHO 
MH] YUMpOBaHHbIt OCTpbIM YpeMH4eCKHH CHHAPOM IIpHBOMT K KpaiiHe TAxKeIIOMY HM OCTpoMy pa3BHTOMy 
HapyWIeCHH10 BOJHO-ICKTPOJMTHOTO OOMeHa. IKCIICPHMCHTAJIBHbIe 2KUBOTHbIC BbNKUBAIOT OT 54 oO 60 
yacoB WH BHe3alIHO yMuparoT. EMHCTBeHHbIM HaOJIIOaeMbIM KJIMHHYeCCKHM IIpH3HaKOM ABJIAeTCA 
TIOBbIMeHHaA YacTOTa bIxaHua. CMepTb, BePpOATHO, ABIIACTCA MOCIeACTBHeM MeTaOomMUeCKOl 
HeOCTAaTOUHOCTH MHOKapja 43-3a TAKEO runepKasIMeMuH. 
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